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CHAPTER I 
INTRODUCTION 
"It has been generally assumed that the 
process of dlfferentiation ln amphibia, 
which is partially under thyroid control, 
would likewise be accompanied by an increase 
in oxygen consumption." Lewis an.d Frieden, 1959. 
Despite this optimistic assumption, there is relatively 
little experimental evidence to support it. Immediate dif-
ficulties are finding a means of measuring oxygen consumption 
in an organism which changes from aquatic to terrestrial, 
e.nd then finding a valid criteria against which to compare 
gross oxygen uptake. The first difflculty has been solved 
in a variety of ways. Etkin (19.34·) used a modified Winkler 
method which works well for tadpoles, but not for adult frogs 
who drown unless po2 is maintained at a relatively high level. 
'rhe most convenient modern method utilizes Warburg manometry 
(Frieden, 1961), but this method also is not easily applic-
able to large tadpoles (eg. ~ catesbiana) or to most adults 
(Funkhouser and ~1ills, in press), 
Oxygen consumption can most readily be related to wet 
weight. However, the weight of a tadpole increases so long 
as it is feeding, then decreases during final non-feeding 
stages. Oxygen uptake may also be related to dry weight, 
but dry weight increases significantly from early tadpole stages 
to adults (Funkhouser and Nills, in press) • There j_s change 
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in one factor at the same time the change in the other factor 
is in the opposite direction. Total nitrogen content may 
be used as an index of the amount of metabolizing tissue, 
but is subject to the same c·riticism as dry weight (Moore, 
1964). Ideally, the animal's respiration should be related 
to as many criteria as possible. 
Wills (1936) showed a total decrease of 50% in oxygen 
consumption per unit nitrogen, from hatching to the end of 
metamorphosis in four species of amphibians (Triturus toro~us 
(nmtJ Taricha torosa), ;[imb,y£1oma maculaj;y.m, ,&tna .J2i]Jiens, and 
Bufo. americanus). The final oxygen uptake of newly trans-
formed animals 1lil'as lower than that of any previous stage, 
although there had been a small increase (about 10.%) in the 
stages immediately preceeding metamorphosis. 
Some investigators found no increase in oxygen con-
sumption per unit wet or dry weight during metamorphosis in 
naturally transforming tadpoles (Xen,opis laevis and ~ 
teiiJJ2oraria), and the oxygen uptake decreased. after treatment 
with thyroid analogues in other species (Fletcher and t1yant 
from Moore, 1964). Etkin (1934) found that the respiration 
rate of ~ cantribrigell..§is remained constant per unit wet 
weight, but decreased per unit dry weight (Etkin, 1935). He 
con tended that the j_ncrease in oxygen consumption per unit 
wet \tTeight which l'-Tas reported for thyroid~-induced amphibian 
metamorphosis did not actually represent aJ.'l inc:.rease in 
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metabolic rate, but was the result of a loss in body matter 
which could result from dehydration of the tissues and evacu-
ation of intestinal contents. 
The assumed increase in oxygen uptake during spontan-
eous metamorphosis has received. most of its support indirectly 
from studies of induced metamorphosis. Barch (1953) measured 
the rate of respiration in isolated skins of ~ pipiens 
tadpoles. She found that the metabolic rate of tadpole slcin 
treated. with thyroxine was significantly higher than the 
metabolic rate of isolated. skin from normal control tadpoles. 
Let·.Jis and Frieden (1959) observed significant increases in 
respiration of tadpoles of ~ grylio after treatment l'Vith 
3,5,3'-triiodothyronine (T3) by immersion or injection. 
Thyroxine (T4) also caused an increase in oxygen consumption. 
Although Frieden (1961) reports an increase in oxygen uptake 
during induced metamorphosis, he also indicated that "the 
morphological and biochemical responses in induced metamor-
phosis are not always identical with the slower, apparently 
more ordered changes of spontaneous metamorphosis." 
The pattern of thyroid activity during amphibian meta-
morphosis has been described by a number of investigators 
using a variety of methods. Histological criteria for the 
functional activity of the thyroid gland include epithelial 
cell height, the number of epithelial cells in serial sections 
of a gland, "vacuolization" of the collold, the number of 
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secretion droplets present in the follicle, the nwnber of 
mitochondria, and changes in the size of the G:olgi apparatus. 
Not all of these criteria are considered to be of equal 
validity (Etkin, l9JO; Gorb.man and Bern, 1962). 
The amount of iodine accumulated in the follicle has 
been used as an index of the activity of the gland. Kaye 
(1961) using radioactive iodine (r131 ) and radioautography 
found a 12% increase in rlJl accumulation during early meta-
morphic stages, and a ~-J% increase durj.ng or near the later 
stages of metamorphosis. The rate of development is signif-
icantly increased in normal tadpoles immersed or injected with 
thyroxine. Kollros (1961) was able to reproduce the normal 
metamorphic pattern in thyroidectomlzed ~ pipiens with 
gradually increasing concentrations of TL~· 
All of these studies indicate that during normal meta-
morphosis there is a gradual increase in the concentration 
of thyroid hormone reaching a climax in the last stages and 
dropping sharply thereafter to the adult level. Oxygen uptake 
during metamorphosis has been assumed to increase because the 
increase in thyroxine levels accompanying metamorphosis in 
amphibia 't'lould be sufficient to cause a marked increase in 
metabolic rate in mammals. The latent period between exposure 
to thyroxine and maximum calorigenic effect has been described 
for many animals. In man this period is about two weeks 
(Guyton, 196LJ.). 
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The present study was designed to sho-w· that the small 
increase in oxygen uptake observed in a number of amphibians 
during metamorphic climax (1'able II) is the result of the 
increase in thyroxine levels in the immediately preceeding 
stages. Oxygen consumption of H;yla rep;llla was measured from 
hatching through metamorphosis and correlated with activity 
of the thyroid gland. 
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CHAPTER II 
f~1NrERIALS AND f-1ETHODS 
In a preliminary attempt to provide a steady supply 
of tadpoles, adults of Hyla regilla were collected and main-
tained in a large terrarium, 2 1 x 5', and fed Tenebrio larvae. 
Ovulation was induced by injection of fresh, whole ~ 
pipiens pituitary glands. However, all of the resultant tad-
poles were abnormal. The cause of abnormality was not def-
inately established, but the water supply in the laboratory 
was suspected so this procedure was discontinued. 
All tadpoles reported on in this study were hatched. 
from eggs collected at the Pacific Marine Station, Dillon 
Beach, California. They were maintained in 8 inch glass bowls 
of aerated water from the Calaveras River. One half of each 
collection was maintained. at room temperature and the other 
half at 18°C as a control of the rate of metamorphosis. The 
latter temperature was chosen because 18°C was approximately 
the temperature of the pond water at Dillon Beach. 
Throughout larval stages, the embryos were fed boil.ed 
lettuce ~ libitmn. On one occasion, dry kibbled dog food 
was introduced to the bowls, but the practice was not con-
tinued because it apparently caused an increase in bacterial 
growth. The total amount of animal tissue per bowl was kept 
relatively constant by decreasing the number of tadpoles in 
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each bowl as they increased in size. The water was changed 
dally during stages I to V, and every third day from stages 
V to XXV. 
All animals were weighed on a Scientific Precision 
torsion balance. rrhe percent of actively metabolizing tissue 
in eggs was determined by removing the membranes from a clutch 
of eggs and weighing the eggs and membranes separately. 
Weighing of larvae was completed immediately after blotting 
damp-dry on absorbant tissue. During weighing, juveniles 
and adults were contained in a small plastic vial. 
Dry weight of selected stages was determined by dry:i.ng 
0 to constant weight at 72 c. 
Pr,eparation of well-less flasks for use in a Bronwell 
Warburg apparatus is indicated in Table I. Flasks were equil-
ibrated for 20 minutes and readings were taken at 10 minute 
intervals for 60 minutes. During this time, the temperature 
of the water bath was maintained at 21.5°C. The shaking rate 
for all experiments in the Warburg was 90 strokes per minute. 
After each observation period tadpoles weFe returned to their 
respective containers. 
The staging of the tadpoles followed as closely as 
possible the stages of ~ pipiens (Taylor and Kollros, 
1946). rrhe additional stage, .XXVF, was added to indicate 
early juveniles who had begun feeding after metamorphosis 
was complete. The terminology of Etkin (1935) was employed 
for ease of expression. (Table II). 
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Tadpoles of selected stages were preserved in Bouin's 
fluid, embedded in paraffin and sectioned serially. Sections 
were stained with alum hemotoxalyn and Eosin y. The height 
of the follicular epithelial cells of the thyroid glands of 
selected stages was measured with an ocular micrometer. 
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TABLE I 
PHEPAB.ATION OF FLASKS FOR ~vARBURG RESPIROME1rER 
Stage HOH LW% KOH Total wt. grams 
of tissue/ 
flask 
I 
-
XIX 4.0 ml. O.J ml. 0.20 to O.JO 
XX - XXIV 2.0 rnl. O.J ml. 0.50 to 1.00 
XXV to 2.0 ml. O.J ml. 0.?5 to 1.25 
Juvenile 
Adult· 2.0 ml. O.J ml. 1.25 to 5.00 
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TABLE II 
STAGES OF HYLA REGILLA 
Period Stage Morphological Events 
Premetamorphosis I - XII Hatching; beginning of feeding; 
beginning development of hind. 
legs. 
Prometamorphosis XIII - XX Completes development of hind 
legs; reaches maximwn size; 
period ends with emergence of 
fore legs. 
Metamorphic climax XXI - XXV Completion of all metamorphic 
changes. 
XXVF Begins feeding. 
------------· .... --,-..... ·---.. ~-.....,-.-..---""'------
CHAP'rER III 
RESUL'rS 
}Iyla -regilla tadpoles completed metamorphosis in JO 
days at 22°C and in approximately 50 days at 18°C. 
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The individual wet weight of the tadpoles increased 
from the time of hatching until stage XVIII, then decreased 
through the completion of metamorphic climax (Flgu:re 1). 
Percent dry weight increased from about 5% in premetamorphic 
stage II to about 20% in adults (Figure 2). 
Oxygen uptake per animal per hour increased J2~i from 
the late embryonic period. until stage XVIII, decreased 57£ 
through XXIV, then increased 15% after feeding began (Figure 
3) • 
There was an initial increase of 27% in q02 (pl 02/gm. 
wet weight/hour) during the early premetamorphic stages I -
V, followed by a slow decline of 30% through prometarnorphosis 
to the onset of metamorphic climax. An increase of 18% 
occurred during early metarnorph.ic climax followed by a de-
crease of 10% through late metamorphic cl:i.max. The :rate of 
oxygen consumption of the post metamorphic stages or early 
juveniles (XXVI<,) was lower than that of the early premeta-
morphic stages (Figures 2,4,5,7). 
The thyroid gland was evident in all tadpoles sectioned 
from stage X through XXV, but I was unable to locate it in 
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stage XXVF. The thyroid gland in newly transformed frogs is 
extremely difficult to locate because the throat tissues 
constrict (Dodd, 1968). 
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CHAPTER IV 
DISCUSSION 
The normal growth curve for most animals is the famil-
iar sigmoid curve showing a relatively slow initial rate of 
change followed by a period of rapid increase, then leveling 
off as the animal matures. 'I1adpoles are peculiar in that the 
period of rapid increase in size is followed by a decrease 
during the non-feeding stages preceding metamorphosis. Hyla 
regilla tadpoles reach their maximum size at about stage 
XVIII, after which the animal apparently decreases its feeding 
activities and stops feeding completely when the :forelimbs 
emerge at stage XX. From stage XX to XXV the animal is 
wholly dependent upon stored food reserves and utilizes por-
tions of its own tissues as the body is reorganized to that 
of an adult frog. As soon as feeding starts after meta-
morphosis, weight increases. 'rhese w·eight changes are shown 
in Figure 1. 
Percent dry weight increases progressively from about 
5% at hatching to about 20% in adults (Figure 2). A similar 
dry weight change was found in the totally unrelated genus 
Phyllobat~ (Funkhouser and 1'1ills, in press). As in Phyllo-
bates, the rate of increase is greatest during metamorphic 
climax when individual wet weight is decreasing. However, this 
is the period of major internal reorganization as the animal 
" 
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becomes functionally terrestrial and carnivorous. The body 
changes associated with metamorphosis must include an increase 
in the percent of structural protein and body solids (eg., 
bone) which would result in an increase in percent dry weight. 
The increase in total nitrogen observed in other species 
(Lewis and Frieden (Bufo ame·ricanus) ~1oore, 1964; Bennett and 
Frieden, 1962) would substantiate this hypothesis. 
Oxygen uptake increases during the period of weight 
increase, decreases during the non-feeding period, then in-
creases as the froglets begin feeding. Individual oxygen 
consumption is a direct function of individual wet weight. 
This is in agreement with the generalization that.as an 
animal increases in size, the oxygen consumption per animal 
increases. 
A number of studies on several species of amphibia 
have shown that o2 uptake (determined per unit wet l'reight, 
dry weight, or total nitrogen) decreases progressively from 
early stages until the end of metamorphosis ( Etkin, 1931.1-; 
Wills, 1936; F'rieden, 1961; Funkhouser and Mills, in press). 
Oxygen uptake per gram is highest during stages V to VII, and 
lowest at stage XXVF (F'igure 4). The overall decrease in 
oxygen uptake is interrupted by an increase during the early 
part of metamorphic climax (stages XX to XXIII). A similar 
increase in oxygen uptake at this period (calculated per unit 
nitrogen) has been reported for~ .21..E..t§.u.§. (Wills, 1936; 
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Barch, 1953) and Phylloba~.§. (calculated. per unit wet or dry 
weight) (Funkhouser and ll1ills, in press). It should be em-
phasized that this increase ln oxygen consumption during 
early metamorphic climax is transitory, and that the values 
for qo2 (of stage XXVF') at the end of climax are lower than 
at any previous stage of development. 'rhis would then repre-· 
sent a genuine increase in oxygen uptake toward the end of 
metamorphosis, but the degree of increase is not as great as 
some authors have apparently expected (Frieden, 1961). 
' Oxygen consumption per gram dry weight decreases during 
metamorphosis. rrhe shape of the curve is similar to that for 
wet weight, but the slope is increased because percent dry 
weight is increasing during metamorphosis (Figure 8). 
In Hyl~ reg~],~, thyroid activity was determined only 
by measurement of the height of follicle epithelial cells. 
Cell height was found to increase from 7.7 microns at stage 
X to 11.6 at stage XVIII, then decrease during stages XIX to 
XXV. Kaye (1961) using radioactive iodine (I131 ) found an 
increase of 12% in iodine accumulation within the follicle 
during the early metamorphic stages, and a 43% increase durlng 
or near the later stages of metamorphosis. Barch (1953) 
noted an increase in respiration during metamorphic climax 
in thyroxine-treated tadpole skins. Etkin,(l930) counted 
the number of cells in thyroid follicles, and noted an increase 
in the number of cells prior to metamorphic climax. All of 
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these studies demonstrate the same general pattern of 
progressive increase in thyroid activity to a peak in late 
prometamorphosis or stage XVIII, followed by a rapid decrease 
in activity. 
ll1aximum thyroid act.ivi ty in Hyla reg:Jl.:J..§: apparently 
occurs at stage XVIII. This is followed by an increase in 
q02 which reaches a peak at stage XXIII. The time lag between 
stage XVIII and stage XXIII is about 5 days. It is well 
knovm in mammals that thyroxine has a significant latent 
period, or time lapse between introduction of hormone into 
the body and appearance of maximum calorigenic effect, In 
man this latent period is about 12 days. In other vertebrates 
the latent period varies from a few hours to several days. 
One can reasonably assume a shorter latent period in a much 
smaller animal. The difference of about 5 days between max-
imum thyroid activity and. increased q02 in Hyla ,regiJ..18: could 
represent the amount of time required for the hormonf~ to effect 
increased calorigenesis. 
'rhe actual role of thyroxine in the animal's develop-
ment remains obscure. The mechanism by 1.-rhich levels of circ-
ulating thyroxine increase to high values then decrease in 
developing tadpoles has been explained by Etkin (1965/1966). 
But his explanation of progressive maturation of the hypo-
thalamic·~pi tui tary axis gives no more· than a hint of the role 
of thyroxine at the cellular level. If thyroxine is necessary 
17 
for maturation of the cells of the median eminence, and if 
thyroxine is necessary for protein synthesis in amphibia (as 
has been found to be the case in rats (Michels, 1963, from 
Funkhouser and Mills, in press), then it is possible that 
thyroxine in high concentrations is necessary for the rapid 
bodily reorganization that accompantes rnetamo·rphosis. On 
this assumption, calorigenesis in amphibia could be secondary 
to the effect of thyroxine in promoting proetin synthesis. 
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.SUM1'1ARY 
The individual wet weight of Hyla regj.l~ tadpoles 
increases from about 0.01 grams at stage I to about 0.41 
grams at stage XVIII, decreases to 0.22 grams at stage XXV, 
then increases after feeding begins (stage XXVF). Percent 
dry weight of the tadpoles increases from about 5% at stage I 
to about 20% in adults. The maximum rate of increase occurs 
during metamorphic climax. 
Oxygen uptal{e of individual tadpoles is di·rectly cor-
related with individual wet weight, During late premetamor-· 
phosis and metamorphic climax there is an increase of 18% in 
q02 • The oxygen consUt"Uption increases approximately 18% from 
stages XVIII to XXIII and then decreases 5% to the end of 
metamorphic climax (stage XXV). 
The height of the epithelial cells of thyroid follicles 
increases from 7.7 microns at stage X to 11.6 microns at 
stage XVIII, then decreases again to J microns as metamorphosis 
is completed (stage XXV). If the height of the thyroid epithe-
lial cells is directly correlated with thyroid activity, then 
maximum activity is reached during stage XVIII. Maximum oxy-
gen consumption occurs at stage XXI to XXIII. It is suggested 
that the increase in oxygen uptake during metamorphic climax 
is a calorigenic response to the increased levels of thyroxine 
19 
in the blood stream during the stages prior to metamorphic 
climax. 
20 
BIBLIOGHAPHY 
Barch, Stephanie H. Oxygen consumption of normal and thy-
roxine-stimulated Rana pipiens skin. Physiol. Zool. 
(1953) £2: 223-231. 
Bennett, Thomas P. and },rieden, Earl. Hetamorphosis and 
biochemical adaptation in Amphibia. In Com..12arativ~ 
BiochemistrJ!:. vol. IV. Florkin, lVf. and r1ason, H. S. 
eds. Academic Press, New York, 1962o 
Dodd, J. lVf. Endocrine aspects of metamorphosis in Xenopus 
laevis. Guest lecture, Western Regional Conference, 
~ivision of Comp. Endocrinology, A. s. z. Burnaby, 
B. C., Canada, Hay 10, 1968. 
Etkin, vf. Growth of the thyroicl gland of ~ Tipiens in 
relation to metamorphosis. Biol. Bull. 1930) 
LIX (3). 
Etkin, H. The phenomena of anuran metamorphosis, II. Oxygen 
consumption during normal metamorphosis. Physiol. 
Zool. (193L~) z: 129-148. 
Etkin, W. The mechanism of anuran metamorphosis, I. Thy-
roxine concentration and the metamorph:tc pattern, J, 
Exp. Zool. (1935) 11= 317-31-I-O. · 
Etkin, W., S. K:tkuyama, and J. Rosenbluth. Thyroid feedbaclc 
to the hypothalamic neurosecretory system in frog 
larvae. Neuroendocrinology (1965- 1966) 1(1): 45-
61~. 
Frieden, E. Biochemical adaptation and anuran metamo~rphosis. 
Am. Zool. (1961) 1: 115-149. 
Funkhouser, A., and J'. Mills. Oxygen uptake during spontan~ 
eous and induced metamo·rphosis in tadpoles of J>hyllq-
bates s.ubpunctatus. Physiol. Zool. (in press), 
Guyton, Arthur,C, The thyroid hormones. In Textbook .Qf 
J.Vledical Ph;y:siolog~. W. B. Saunders Company, 
Philadelphia, 196. 
Gorbman, A. and Bern, H. A. Thyroid gland. In li Textbook 
.Qf ComJ.2aratiV...§ IJ:pdocrinolop;~. John Wiley and Sons, 
Inc., N mv York, 1962. 
21 
Kaye, Nancy W. Interrelationships of the thyroid and 
pituitary in embryonic and premetamorphic stages of 
the frog, ~ _pipiens. Gen. and Comp. Endocrinology 
(1961) 1= 1-19. 
Kollros, Jerry, J. Mechanisms of amphibian metamo·rphosis: 
hormones. Am. Zool. (1961) 1= 107-lll~. 
Lewis, E. J. c. and E. Frieden. Biochemistry of amphibian 
metamorphosis, v. Effect of triiodothyronine, 
thyronine, and dinitrophenol on tadpole respiration. 
Endocrinology (1959) £2: 273. 
I•Toore, John A. Ed. Physiology of the Amphibia. Academic 
Press, New Yo·rk, 196h. 
Taylor, A. c. and J. J. Kollros. Stages in the normal 
development of~ pipiens larvae. Anat. Rec. (1946) 
.2!±: 7 -2'+ 0 
Wills, I. A. 'rhe respiratory rate of developing amphibia 
with special reference to sex differentiation. J. 
Exp. Zool. (1936) lJ.: 481-510. 
22 
TABLE III 
Data for Figures 1, 5 
~1========~2=========~~=====-==-~r=~=-====~5~====~6== 
Stage Total Number Mean no. vJeight ln grams 
number of of 
of measure- animals/ 
------~~~~s~·----~m=e=-r~lt~s ____ ~f-~l~a=sk=---~m~e~.a~.n~--~r~··a~r=lg~-e~ 
_p} 
I 
I-II 
II 
III 
IV 
v 
V-VII 
VI-XI 
x. .. xiv 
XIV-XVI 
1'VII-XIX 
XVIII-XX 
XIX-XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVF 
J5'+ 
587 
J29 
248 
279 
2JJ 
'-n 
66 
1+6 
29 
27 
18 
24 
25 
J)~-
15 
J2 
58 
25 
16 28 
25 2J 8 21 
15 20 
19 16 
lL~ 15 
9 6 
11 6 
11 6 
9 3 
lJ 2 
9 2 12 2 
13 2 
7 2 
7 2 
14- 2 
JO 2 
lL~ 2 
.01 
.01 
.01 
.OJ 
.OJ 
.04 
.lJ 
.lJ 
.22 
.Jl 
.42 
.J9 
.41 
·35 
.26 
.25 
.19 
.22 
• L~l 
.007-.02 
.oo6-.0J 
.008-.01 
.OlJ-,05 
.02 -.06 
.OJ -.05 
.10 Q> .17 
.11 -.15 
.16 ~· .26 
• 2lr -. 38 
.J5 -.51 
.29 -.56 
.22 -.67 
.22 -.50 
.20 -.35 
.22 -.Jl 
.16 -.24 
.14 -.50 
.17 -.6lr 
{~Stage -I incUcates Hyl-;= tegll_~ tadp"'O"eSthat have 
hatched from the egg, but have not reached the 
morphological features of Stage I. 
2.3 
'rABLE IV 
Data for Figure 2 
=-==-·=-=·--===== =======:=;::=============~===== 1 2 3 
Stage 
X 
XI 
XII 
XIII 
XIV 
XV 
.XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXIV 
XXV 
Adults 
r.rota1 number Mean percent 
of animals dry weight 
grams 
------------- .. ----------
5 
5 
5 
10 
5 
5 
J 
5 
8 
5 
5 
5 
10 
26 
3 
6.5 
6.0 
6.8 
7.6 
8.1 
8.6 
10 .LI, 
10.8 
11..1 
12.2 
12.0 
12.6 
14.7 
]./-~. 7 
21.9 
--------------------------------------------------------~ 
~[!ABLE V 
Data for Figures 3, 4, 5, 7• 
1 2 3 -~ 
Stage rrotal )ll 02/ani:mal/hr pl o2/gm.wet weight/ 
number - hou:r 
of standard standard 
animals mean error mean error 
-I 351·1· .8 .2 176.3 10.6 
I 587 3·6 .4 259.0 11.0 
I-II 329 6.0 .6 255.8 5.9 
II 2L~8 7·3 .9 253.8 9.1 III 279 9·3 1.1 266.5 8.8 IV 233 10.2 .6 259.0 '? ,l.j. 
v 41 37.8 3.0 30 2 ,l, 15.2 
V-VII 66 lJj .o 1.0 356.5 7.0 
VI-XI L,6 7J.O h.l 329.5 9.5 
X-XIV 29 88.4 2.1 288.1 10.6 
XIV-XVI 27 111.2 4.3 265.0 '+. 8 1.'VII-XIX 18 112.3 8.6 293 .L~ 16.7 
XVIII-XX 24 102.8 6.2 259.1 11.6 
XIX-XXI 25 87.0 5.9 253.2 11,l~ 
XXII ll, 74.7 6.5 286.5 23.6 
X.'CIII 15 75.1 6.6 315.7 36.0 
XXIV 32 58.8 3. q, 311.'+ 14.0 
XXV 58 63.5 3.5 299.5 12.0 
XXVF 25 89.3 8.9 2LJ.O. 5 20.7 
25 
'rABLE VI 
Data for Figures 6, 7 
1 2 J 
Stage Number Height o:f eplthelial cells in 
o:f microns 
measure-
ments mean ranrre 
X 15 7·7 5.8- 9.6 XII 18 7.6 5.8- 9.6 
XVIII 27 11.6 7.7-17.3 
x:rx 25 9.6 3.8-15.4 
XX 26 6.8 3.8-11.5 
XXI 25 10 ,LJ- 5.8-19.2 
XXII 30 5.6 3.8- 7·7 
XXIII 29 5·5 1.9- 9.6 
XXIV 27 5.6 2.9- 7·7 
XXV 28 3.2 1.9- J.8 
1 
Stage 
XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
26 
'rABLE VII 
Data for Figure 8 
2 
Calculated pl o2/gram dry weight/ 
anlmal 
8014 
10.389 
8001-¥ 
8659 
7419 
1886 
2920 
J4lll-
5037 
1708 
116L~ 
1091 
885 
655 
531 

Figure 1. Mean individual wet weight of Hyl.a regilla tadpoles. The 
vertical bar indicates one standard error above and below 
the mean. 
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Figure 3. Mean oxygen uptake of individual Bz:JA regil~ tadpoles. 
The vertical bar indicates one standard error above and 
below the mean. l\) 
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Figure 4. Mean oxygen uptake per ~m weight of 
Hyla regil],a tadpoles. (The shaded area 
indicates one standard error above and 
below the mean). 
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Figure 5. Mean oxygen uptake per animal of Hyla:, 
regi1la tadpoles plotted as a fUnction 
of individual tadpole weight (Stages -I 
through XIX -•- ; Stage XIX through 
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Figure 6. Mean height of epithelial cells 
of thyroid glands of Hyla redlla 
tadpoles. 
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Figure 7. Mean thyroid activity as measured by height of epithelial 
cells (-e-) and oxygen uptake per gram wet weight ( •• o •• ) of 
~ regilla tadpoles. 
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Figure 8. Calculated oxygen uptake per gram dry weight of .!!YJA regilla 
tadpoles. 
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Figu~re 9. 'rhyroid follicles of Hyla; .r~~ tadpoles 
to illustrate changes in height of follicular 
epithelial cells. 
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36 
A. Stage XX, 45X. 
B. Stage XXII, 4·5X. 
Flgure 10. Thyrold follicles of H.Y],g .r-eg ill.§; tadpoles 
to illustrate changes in height of follicular 
epithelial cells. 
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A. Stage XXIV, h5X. 
B. Stage XXV, 45X. 
Flgure 11. Tbyroid follicles of Hyla re_gllla tadpoles 
to illustrate changes in height of follicular 
epithelial cells. 
